Abstract-Wave energy as a predictable renewable energy, can be directly captured from surface wave, which has a significant power. Although the application of wave energy in recent years is rapidly increased all over the world especially in Europe, but there is a lack of research in this field in some developing countries. Hence, in this study a new research about potential of wave in Southern border of Caspian Sea in Iran is performed. Moreover, the climate effect that has contributed to the increasing wave power is also investigated. The results show that Mazandaran seashore in north of Iran has a proper potential for extracting electricity from sea wave. Furthermore, based on a comparison of established wave energy converters, Wave Dragoon is a suitable converter for the study case.
INTRODUCTION
As the world energy demand will increase up to 53% by 2035, the usage of renewable energy has been steadily increasing over the past few years to help solving acute problems of energy and environmental concerns especially global warming [1] . Beside, ocean wave energy has been available and predictable source of renewable energy that is able to support the main part of global electricity demands [2] Wave energy is extracted directly from either surface waves or pressure fluctuations below the surface. Wave energy can be assumed as a another form of solar energy [3] . Sea and ocean waves are produced by the wind blowing over the surface of the water. Generally continuous waves are provided by consistent wind [4] . Wind and consequently wave is generated by differential heating of the earth generates winds while passing over open water. Waves travel without major losses and transfer the energy across thousands of kilometers Wind and consequently wave is generated by differential heating of the earth generates winds while passing over open water. Waves travel without major losses and transfer the energy across thousands of kilometers [5] .
Furthermore, there is growing interest in the application of wave energy to produce electricity around the world Furthermore, there is growing interest in the application of wave energy to produce electricity around the world [6] . Taking into the account European Ocean Energy Roadmap 2010-2050, Ocean energy can grow at the same speed as wind as shown below [7] : Therefore, among the renewable energy sources, wave energy is one of the most promising energy [8] . This study investigates the potential of wave energy for power generation along the coasts of Caspian Sea in north of Iran. The possibility of exploiting them by a proper wave energy converter is also discussed.
II. STUDY CASE
The Caspian Sea is the world's largest lake or a fullfledged sea that bounded to the south by Iran. Iran has 650 kilometers (400 mi) of water along the southern shore of the Caspian Sea as shown in Fig 2 [9] . The southern coastline of Caspian Sea consists the seashore of two provinces in Iran, namely Mazandaran and Gilan. The Mazandaran province has the largest sea border compare to Gilan. Thus, Mazandaran zone as a case study in this paper will be analyzed with respect to wave power. The main cities of this province that have meteorological weather station are illustrated in Fig 3 [10] . 
III. ENERGY ANALYSIS

A. Wave power Estimation using mathematical method
Sea Waves are composition of many waves with different frequencies, amplitudes and directions. Therefore, wave power level is defined as [8] :
Where, , is wave spectrum with unit m 2 /Hz and describes how different wave frequencies and angles, , , effect wave power level. P is the wave power, is the mass density of water (1025 kg/m3), g is the gravitational acceleration, h is the water depth and g is the group velocity that is defined as:
Where, 2 / is the wave number and L is the wavelength. For deep water, g g/4 , thus:
And the spectral moments (m) of order n is defined as [11] :
For simplicity, wave is assumed in a certain direction. Spectral moment is considered in two orders in term of the energy period (T e ) and the significant wave height (H s ) [8] :
Hence, the wave energy power is approximately calculated by:
B. Results and Discussion
The estimated wave power for Mazandaran coastline in deep water and near-shore is calculated as shown in Table 1 . There is a note that in the southern Caspian Sea the coastal places are much deeper than northern and middle of this Sea. Thus in a short distance from shore in study case, there is a deep water around 50 m. Although wave height and consequently wave energy power will be changed with considering climate effects, investigation of potential wind and storm for study case is also required. As demonstrate in Fig.4 , south coast of Caspian Sea in various seasons will be affected with many air masses. During the cold period of year, from the early of October to the end of March, a cold air mass enters the country from northwest and passes the surface of the water, cause much influence on water temperature and leads to formation of roaring waves in this region. Moreover, at these seasons a similar air mass from northeast of the Iran with arctic origin affects the seashore weather and generates stronger waves in the coasts. The last air mass in the cold period is a moderated air mass originated from Atlantic Ocean that affects the coasts weather of this region. On the other side, during the warm period of the year, from the early April to the late September, hot air flows affect north coasts of Iran, which mainly enter the country from southern and central regions. The warm and dry air masses are originated from Iran's central desert. These winds cause climate and waves power change along the coastline. Therefore, in the winter there is more climate change in this area and the monthly wave power profile could be shown as Although base on data provided in Table 1 , wave height and wave flux without considering climate change such as wind, air mass and storm will be maximum 1 m and 0.95 kW/m respectively, however due to these issues the wave power will increase up to 3 kW/m. Another important factor that increases size and power of wave in this area is storm. According to statistical records as shown in Fig 6 in Mazandaran province by moving from west to east the average of storm will increase considerably. Around Ghaemshahr, there is maximum amount of recorded storm and small coastline cities like Mahmoodabad and Babolsar could be proper targets in this high potential area. On the other side, as illustrated in Fig 7, distribution of recorded wind rose in the study case shows the highest wind speed has been recorded in Babolsar with maximum of 11-14 m/s [10] . Therefore, by looking at both Fig 6 and 7 , Babolsar could be the best location in the study case that has a high potential of wave power. Moreover, in Babolsar by regarding higher wind speed and storm, wave height could be increased up to 2-3 m and wave power with wave period of 4 s, up to 18 kW/m. This research work has been focused due to lack of researches in previous years about feasibility study of wave energy in this coastal line. On the first looking into wave height of southern Caspian Sea, 0.5 to 1 meter wave height is a small range. But with a deep research and looking into storms, wind rose, high wind speed (up to 15 m/s) and seasonal air effects, some positive results will be concluded. Thus, due to climatic conditions and blow of seasonal winds in this part of Caspian Sea, there are waves with much energy and capability of being used for generating electricity.
IV. WAVE ENERGY CONVERTER
Wave energy application has a long history. The intensive research in wave energy began after the dramatic increase in oil prices in 1973 [12] . The first patent was recorded in 1799 and the first actual unit was constructed in 1910 in France using an oscillating water column system [3] . However, technical challenges and previous periods of low interest from governments have slowed the development of the sector [13] .
Nowadays, many new converters have been developed recent years that each one has its own advantages and disadvantages. Therefore, several points must be considered before applying these technologies as shown in Table 2 [14] . Based on data provide in Table 2 , Wave Dragoon with large power production and suitable cost per kWh and considering deep water at coastal area of Babolsar city, is determined as a best converter for the study case.
The power of water is stored in a reservoir by wave dragon to fall into a turbine. The method is like a dam with a ramp way for waves. This means of generation can be comparable to a dam. Although the design is complex, the potential of wave energy directly is extracted. On the other hand, this system has several advantages, especially its sturdinessThe example of Pelamis as shown in Fig 8 [14] . 
V. CONCLUSION
In this paper, a novel research work about wave power potential along the southern coast of Caspian Sea was investigated. The results show that although the range of wave height in a normal condition is low, however there are climate factors which can increase the wave power up to 18 kW/m or higher. Babolsar also is recognized as the highest potential city for wave power in the study case. Furthermore, by regarding deep of water in coastal areas in Mazandaran and cost of production, the Wave Dragoon is chosen as a suitable wave converter. A promising research future could be predicted for wave potential in this location. 
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